University of Tennessee, Knoxville

TRACE: Tennessee Research and Creative
Exchange
Masters Theses

Graduate School

12-2009

Baseline survey and habitat analysis of aquatic salamanders in
the Pigeon River, North Carolina
Nikki J. Maxwell
The University of Tennessee-Knoxville, nmaxwell@utk.edu

Follow this and additional works at: https://trace.tennessee.edu/utk_gradthes
Part of the Biology Commons

Recommended Citation
Maxwell, Nikki J., "Baseline survey and habitat analysis of aquatic salamanders in the Pigeon River, North
Carolina. " Master's Thesis, University of Tennessee, 2009.
https://trace.tennessee.edu/utk_gradthes/545

This Thesis is brought to you for free and open access by the Graduate School at TRACE: Tennessee Research and
Creative Exchange. It has been accepted for inclusion in Masters Theses by an authorized administrator of TRACE:
Tennessee Research and Creative Exchange. For more information, please contact trace@utk.edu.

To the Graduate Council:
I am submitting herewith a thesis written by Nikki J. Maxwell entitled "Baseline survey and
habitat analysis of aquatic salamanders in the Pigeon River, North Carolina." I have examined
the final electronic copy of this thesis for form and content and recommend that it be accepted
in partial fulfillment of the requirements for the degree of Master of Science, with a major in
Wildlife and Fisheries Science.
J. Larry Wilson, Major Professor
We have read this thesis and recommend its acceptance:
Matthew J. Gray, Lisa I. Muller
Accepted for the Council:
Carolyn R. Hodges
Vice Provost and Dean of the Graduate School
(Original signatures are on file with official student records.)

To the Graduate Council:
I am submitting herewith a thesis written by Nikki J. Maxwell entitled “Baseline survey
and habitat analysis of aquatic salamanders in the Pigeon River, North Carolina.” I have
examined the final electronic copy of this thesis for form and content and recommend
that it be accepted in partial fulfillment of the requirements for the degree of Master of
Science, with a major in Wildlife and Fisheries Science.

J. Larry Wilson, Major Professor

We have read this thesis
and recommend its acceptance:

Matthew J. Gray

Lisa I. Muller

Accepted for the Council:

Carolyn R. Hodges
Vice Provost and Dean of the Graduate School

(Original signatures are on file with official student records.)

BASELINE SURVEY AND HABITAT ANALYSIS
OF AQUATIC SALAMANDERS IN
THE PIGEON RIVER, NORTH CAROLINA

A Thesis Presented for
the Master of Science Degree
The University of Tennessee, Knoxville

Nikki J. Maxwell
December 2009

DEDICATION

This thesis is dedicated to my parents, Doug and Jeanie Maxwell.
I owe my success in every aspect of life to your love and support.
Thank you for always encouraging me and embracing my love for all things science.
I love you both very much!

iii

ACKNOWLEDGMENTS

I would like to extend a giant “thank you” to my major professor, Dr. J. Larry Wilson, for
taking a chance on me and for working so hard to obtain funding for my entire 2.5 years at UTK.
Thank you for going so far out of your way to help me (including meetings in the Cracker Barrel
parking lot!). Many thanks to Dr. Matthew J. Gray for all his assistance with this project,
especially with study design and statistical analyses. Thanks to Dr. Lisa I. Muller for her support,
input and always‐positive attitude. A special thanks to Joyce Coombs for all her assistance, both
with fieldwork and acquiring historic Pigeon River data. Thank you to Matt Niemiller, PhD
student at UT, for identifying the Desmognathus salamanders found during this research. I also
wish to thank Dr. Keith Belli from the University of Tennessee’s Department of Forestry,
Wildlife and Fisheries for funding my research assistantship and this project.
Thank you to E. Dean Shults of Progress Energy and Nick McCracken of Evergreen
Packaging for allowing access to their property. Thank you to the North Carolina Wildlife
Resources Commission for granting me the permit to complete this study (permit #08‐
SC00342).
Thanks to Dr. Michael Freake from Lee University, who helped tremendously in the
initial stages of this project and whose research inspired me to become an aquatic biologist. It is
with tremendous gratitude that I thank the following students and volunteers for their support
in the completion of this project: Joyce Coombs, Casey Dunn, Melissa Foster, Dr. Michael
Freake, Keith Garner, Erin Schiding Hobson, Sommai Janekitkarn, Trent Jett, Michael Jones, and

iv

Daniel Schilling. Thank you for enduring many long days riding through “The Gorge”, running
from creepy spiders, and snorkeling in cold, hot, and sometimes smelly water.
And finally to my family and dear friends – Mom, Dad, Uncle Doug and Christy ‐ for
accompanying and assisting me on faraway journeys to collect aquatic insects; to Aunt Barbara
for being my sounding board and constant encourager; to Melley for giving me the initial
encouragement to attend grad school; to Jill and Joy for all the fun times on weekends and
school breaks that kept me sane; to my niece, my Emmylou, for always making my day brighter
with long distance hugs and kisses over the phone; and most of all, to Michael – you truly are
my gift from God. Thank you for your endless love, patience, and encouragement. I never
would have made it without you! I love you all!

v

ABSTRACT

The Pigeon River was severely impacted beginning in the early 1900s by a paper mill
located in Canton, North Carolina. The mill discharged chemical byproducts into the Pigeon
River until 1992 when the paper mill modified their processes. As a result, water quality
improved but the status of salamander species in the Pigeon River was unknown. Worldwide
amphibian declines over the last 20 years have drawn attention to the need for more research
and a better understanding of species‐specific habitat relationships. There is concern about
amphibian population declines because amphibians are critical to the balance of ecosystems
and are considered exceptional indicators of environmental health.
The objectives of this study were: 1) to conduct a baseline survey of salamander species
composition in the Pigeon River watershed, 2) to determine if salamander populations differ
above and below the Canton paper mill, and 3) to attempt to explain variance in salamander
abundance, richness and diversity by comparing water quality and substrate characteristics
among streams. Eight stations were examined on the Pigeon River, with four stations located
above the paper mill and four stations below. We also chose three stations on each of four
tributaries, Big Creek, Fines Creek, Jonathan Creek and Richland Creek. Snorkel surveys were
completed in the summer of 2009. Five of eight species of stream salamanders were found that
historically existed in Haywood County, NC: Eastern hellbender, Blue Ridge two‐lined
salamander, shovel‐nosed salamander, black‐bellied salamander and spring salamander. No
salamanders were found in the main channel of the Pigeon River below the mill. Eastern
hellbenders and Blue Ridge two‐lined salamanders preferred substrates consisting of rubble
vi

and avoided bedrock. Percent rubble was the only variable retained in substrate models and
was positively related to salamander abundance, richness and diversity. Conductivity, salinity,
and water temperature were higher in the Pigeon River below the mill than at all other sites.
Salamander abundance was explained by dissolved oxygen, pH, and stream width in water
quality models. The results of this study suggest salamander abundance was negatively
associated with the Pigeon River below the mill because of poor water quality and not habitat
availability.
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CHAPTER 1
INTRODUCTION
Worldwide amphibian declines over the last 20 years have drawn attention to the need
for more research and a better understanding of species‐specific habitat relationships
(Blaustein and Wake 1990; Houlahan et al. 2000). According to the International Union for
Conservation of Nature (IUCN et al. 2008), 32% of amphibians are threatened or extinct (~1900
species) compared to only 24% of mammals and 12% of birds. At least 42% of amphibian
populations are declining; therefore, the number of threatened or extinct animals is expected
to rise (IUCN et al. 2008). Scientists have identified several factors contributing to their decline
such as habitat degradation, disease, global warming, increased ultraviolet‐B (UV‐B) exposure,
introduced species, and chemical pollution (Semlitsch 2000; Kiesecker et al. 2001; Lannoo 2005;
Relyea 2005). There is concern about amphibian population declines because amphibians are
critical to the balance of ecosystems and are considered exceptional indicators of
environmental health (Blaustein 1994). Amphibians generally begin their lives in water as eggs
and larvae and then transform to terrestrial adults. The transformation period includes
structural (i.e., loss of gills) and biochemical changes that may make amphibians much more
susceptible to chemical contamination (Bernake and Kohler 2008). In fact, amphibians may be
the most vulnerable of all vertebrate groups to anthropogenic chemical contact (Vos et al.
2000). Amphibian eggs are especially susceptible because they lack shells or protective
membranes to protect themselves from chemical contamination (Blaustein 2007).
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Pigeon River History
The Pigeon River was historically a clear, cool river flowing through Haywood County,
North Carolina, into the French Broad River in East Tennessee. In 1908, Champion International
(now Blue Ridge Paper Products) began operation of a paper mill located directly on the Pigeon
River in Canton, North Carolina. The mill used a chlorine bleaching process and discharged
bleached kraft mill effluents (BKME) into the Pigeon River (Bartlett 1995). These effluents
included dioxins, furans, tannins, and lignins (Bartlett 1995). The Pigeon River was thought to
have had over 95 native fish species, but in 1964 the North Carolina Wildlife Resources
Commission discovered the Pigeon River to be so polluted that a 32‐kilometer segment in the
upper portion sustained no fish (Messer 1964; Etnier and Saylor 2001). As a result of public
pressure and Environmental Protection Agency regulations, the paper mill modernized their
system in 1992 by replacing the chlorine bleaching process with a chlorine dioxide and oxygen
delignification system. This modification reduced the use of bleaching chemicals and reduced
the amount of effluents entering the Pigeon River. Since 1992, pollutants have decreased and
water quality has improved (Bartlett 1995). Index of Biotic Integrity (IBI) metrics such as
number of native, darter, and intolerant fish species are used to assess the health of rivers.
Pigeon River IBI scores were 38 or less out of a possible 60 until 1993. Scores have improved
significantly to a value of 54 in 2007 (Tennessee Valley Authority 2007). The enhancement of
water quality has encouraged fish and benthic invertebrates to re‐colonize, but current status
of amphibians is unknown.
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Paper Mill Effluents
Dioxins are an assemblage of synthetic organic chemicals containing structurally related
chlorinated dibenzo‐p‐dioxins (CDDs) and chlorinated dibensofurans (CDFs; Denton and
Arnwine 2002). The EPA has determined that dioxins are toxic at low concentrations and may
cause cancer in humans (U.S. EPA 2000). Dioxins are known to bioaccumulate in the fatty tissue
of fish and are assumed to do so in salamanders. Salamanders have permeable skin to allow for
respiration and osmoregulation. This feature makes aquatic salamanders highly susceptible to
the uptake of harmful chemicals in the water and sediment. Salamanders bioaccumulate such
chemicals during the respiration process, by ingesting contaminated prey, and through
cutaneous absorptions (Snodgrass et al. 2008).
Fish exposed to paper mill effluents containing endocrine disrupting chemicals have
shown reproductive abnormalities, such as “suppressed male and female reproduction,
reduced gonad size, and more variable fecundity” (Gagnon et al. 1995). Munkittrick et al. (1998)
found paper mill effluents in Canada delayed sexual maturity in the longnose sucker
(Catostomus catostomus) and lake whitefish (Coregonus clupeaformis).

Aquatic Salamanders
Salamander species diversity in the southeastern United States is considered greater
than anywhere else in the world, with representatives from over 75 species of salamanders. In
the southern Appalachian Mountains, three to five species of Desmognathus salamanders may
form a community in both terrestrial and aquatic habitats (Duellman and Trueb 1994). These
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mountains contain high levels of salamander diversity and abundanceThese species utilize rocks
for cover and as a place to deposit their eggs (Petranka 1998; Dodd 2004).
This project was the first step in attempting to understand the ecological role of aquatic
salamanders in the Pigeon River watershed. This study had three objectives: 1) identify aquatic
salamander species living in the Pigeon River watershed, 2) determine whether salamander
abundance and diversity differed between the Pigeon River above the mill, Pigeon River below
the mill, and its tributaries, and 3) identify habitat and water chemistry variables that could
predict species occurrence within the Pigeon River watershed.
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CHAPTER 2
METHODS

Study Area
The Pigeon River is a 5th order tributary to the Tennessee River that begins in the Blue
Ridge Mountains of North Carolina and flows into East Tennessee where it joins the French
Broad River near Newport. River substrates include cobble, boulder, some exposed bedrock and
a mixture of sand and organic matter in slower accumulation areas (Summers et al. 1991). The
present study was conducted only on the Pigeon River and tributaries in Haywood County,
North Carolina. Eight sampling sites were chosen on the Pigeon River with four above the paper
mill (PRA) and four below the paper mill (PRB); all sites were upstream of Walters Dam (Figure
1). Sites were sampled on the Pigeon River based on availability of salamander habitats, such as
riffles and an abundance of boulders (Petranka 1998; Nickerson and Krysko 2003). Three sites
were chosen on each of four Pigeon River tributaries: Big Creek, Fines Creek, Jonathan Creek,
and Richland Creek (Figure 1). Tributary sites were chosen systematically so the first site was at
or as near as possible to the mouth of the tributary where it entered the Pigeon River. The
second and third tributary sites were chosen by walking upstream from the mouth to the next
available riffle habitat. All stations were separated by at least 30 meters of stream, utilized
different riffles, and were separated by pools to establish independence. Eastern hellbenders
rarely move 10‐20 meters from their home site so 30 meters between sites was considered
adequate (Peterson and Wilkinson 1996).
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Figure 1. Map of study sites on the Pigeon River and its tributaries, North Carolina. *Bypass
channel sites were searched in 2008 and not included in this study.
17

Sampling Methods
Historically, electroshocking was considered the most effective technique to collect
large aquatic salamanders, such as the hellbender (Cryptobranchus alleganiensis) but this
method has since been disregarded (Williams et al. 1981). Electroshocking salamanders has
been shown to cause forced movement, immobilization, and unconsciousness and is
discouraged because of the high potential of harming eggs and interfering with immune
function (Reynolds 1983; Nickerson et al. 2002).

Field Sampling
For this study, a “station” constituted a 30‐meter portion of the stream to be sampled.
Each station was sampled once between May and August 2009 which corresponds with
breeding seasons in Plethodontid salamanders in the southern United States (Petranka 1998).
Snorkel surveys were conducted with at least three people lined up across the stream at equal
distances from each other, but no more than 3.0 meters apart (Nickerson and Krysko 2003). If
the stream was too wide to be adequately sampled in one pass, it was divided into sections and
multiple passes were made. Snorkelers moved upstream in a zigzag pattern to ensure all rocks
of suitable size (≥ 25 cm) were overturned (Figure 2). Log rollers were used for rocks that were
too large or too heavy to turn by hand. Stream widths in meters and GPS locations were
recorded at the beginning (0 meters) and end (30 meters) of each station with a Garmin
GPSMAP 76Cx (Olathe, KS). Turbidity was recorded with a LaMotte 2020 Turbidimeter (LaMotte
Company, Chestertown, MD) before snorkelers entered water to ensure they did not alter the
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Figure 2. Schematic demonstrating snorkel technique in Big Creek, North Carolina, with
yellow lines representing sections and red lines representing the snorkeler’s search path
upstream.
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reading by stirring up sediment. Conductivity and salinity were measured with a PCSTestr 35
Multi‐Parameter tester (Eutech Instruments, Vernon Hills, IL). Dissolved oxygen was measured
with a YSI Model 550A [Yellow Springs Instrument (YSI), Yellow Springs, OH]. Temperature and
pH were measured with a YSI Model 60. Velocity was measured with a Type AA Current Meter
(Rickly Hydrological Company, Columbus, OH). All water quality measurements were obtained
at the uppermost riffle at each station. Salinity and pH meters malfunctioned on two occasions
so those variables could not be measured.
Snorkelers carried small plastic bottles with uniquely numbered markers made of fishing
bobbers, a 1.0‐ounce weighted lead sinker, and 30‐pound fishing line (Figure 3). The fishing line
allowed the snorkelers to easily carry the bottle around their upper arm while leaving their
hands free to turn rocks. When a salamander was spotted, the snorkeler would use the bottle
to capture the salamander. The bottle was pulled out of the water, inverted, and placed back in
the water next to the salamander. The bottle was then tilted so that the action of the water
rushing in would bring the salamander in as well. The snorkeler would place the marker under
the rock so the salamander could be returned to its original location and also identify the
rock to be measured. Latitude and longitude were obtained at each salamander location with a
Garmin GPSMAP 76CX.
Salamanders were identified to species at the station, except for salamanders of the
genus Desmognathus. Desmognathus salamanders were euthanized in MS‐222 (tricaine
methanesulfonate), preserved in ethanol, and taken to the University of Tennessee – Knoxville
for identification. Salamanders were weighed with a Pesola spring scale (100, 300, or 600 gram
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Figure 3. Snorkeler demonstrating the use of capture devices ‐ small plastic bottles with
uniquely numbered markers made of fishing bobbers, a 1.0‐ounce weighted lead sinker, and
30‐pound fishing line.
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capacity) and measured for total length and snout‐vent length using a small, modified tape
measure inside a plastic case (Figure 4). This was found to be most effective for measuring very
small individuals. Larger salamanders were measured with a tape measure. Salamanders were
held in a water‐filled plastic container until the station was completely sampled. At the
conclusion of the survey, individuals were released at the location of capture.

Habitat Sampling
The longest length and greatest width were obtained for each rock that was found to
have a salamander beneath. A habitat grid was constructed using ¾‐inch PVC pipe and ¼‐inch
plastic tubing to create a 1.0‐meter grid with eight equal‐sized squares (Figure 5). This grid was
used to measure substrate at each salamander location in the Pigeon River above the mill and
Jonathan Creek by laying the center of the grid on the center of the rock under which the
salamander was captured with the sides of the grid parallel to stream flow. The percentage of
each type of substrate (rubble, cobble, silt, sand and bedrock) was recorded for each of the
eight squares. The percentages were averaged for each salamander specific location to
determine habitat used by salamanders. The grid was also used to determine overall station
substrate composition. Within each station, the grid was used to measure habitat at three
locations: one at the beginning of the station (0 meters), one at the middle of the station (15
meters), and one at the end of the station (30 meters). The three samples from each station
were then averaged to create an overall station substrate composition, which was classified as
available salamander habitat.
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Figure 4. Measuring the length of a small salamander in a plastic case modified with a
measuring tape.

23

Figure 5. PVC grid used to determine substrate composition.
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Statistical Analyses
Response variables for the analyses included amphibian community variables, stream
substrate and structure characteristics, and water chemistry for the Pigeon River and four of its
tributaries (Big Creek, Fines Creek, Jonathan Creek, and Richland Creek). Experimental units
were 30‐meter transects at each station. For variables where more than one measurement was
taken per station (e.g., substrate characteristics), measurements were averaged per transect
prior to analysis. The total sample size was 20 stations for most analyses, except when water
quality instruments did not function (n = 16‐19 for these variables). Differences in the response
variables among sites were analyzed using a one‐way analysis‐of‐variance (ANOVA; Zar 2009).
If the overall F‐test was significant, Tukey’s Honestly Significant Difference (HSD) test was used
to determine if pairwise differences existed between sites (Zar 2009). For habitat preference
analyses, salamander locations were the experimental units, and substrate characteristics at
use (where salamanders were found) and random (available habitat for salamanders) locations
within a station were compared. Because substrate characteristics along a transect within a
station could not be assumed to be independent, a paired t‐test was used to test for differences
between use and random locations (Zar 2009). A random number table was used to determine
the distance from the bank that we would travel to measure substrate at each of the three
transect locations. Given that sample sizes for these analyses were relatively large (n > 10,
Underwood 1997), the test for normality was not done because the Central Limit Theorem
assures that the sample mean is approximately normal when sample size is large (Hogg et al.

25

2004). All analyses were performed using the SAS® system (SAS® Institute, Cary, North
Carolina) at α = 0.05.
The previously described analyses provided comparisons of abiotic and biotic
characteristics among sites; however, there was interest in determining which substrate and
water quality variables explained the most variation in salamander abundance, richness, and
diversity among sites. Therefore, multiple linear regression with stepwise selection (entry and
stay level of significance = 0.05) was used to identify important habitat variables for
salamanders at the stations (Zar 2009). The coefficient of determination (R2) was reported as a
measure of overall model performance, and partial R2 values and standardized regression
coefficients for a measure of variable importance (Zar 2009). For models with multiple
variables, the variance inflation factor (VIF) was reported, with a VIF value greater than 10
suggestive of multicollinearity (Freund and Littrell 2000).
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CHAPTER 3
RESULTS

Stream salamanders were found in seven of the 20 stations searched in 2009 (Table 1).
A total of 53 salamanders were captured, including 37 Blue Ridge two‐lined salamanders
(Eurycea wilderae), eight shovel‐nosed salamanders (Desmognathus marmoratus), six Eastern
hellbenders (Cryptobranchus alleganiensis), one black‐bellied salamander (D. quadramaculatus)
and one spring salamander (Gyrinophilus porphyriticus; Figure 5). All except one Blue Ridge
two‐lined salamander found were larvae. Three larval hellbenders and one juvenile hellbender
were found at site four on the Pigeon River above the mill. All other salamanders captured
were adults.
Mean salamander abundance at Big Creek and the Pigeon River above the mill was 5‐
10X greater than at all other sites. Mean abundance of salamanders was 2X greater at Big Creek
compared to the Pigeon River above the mill (Table 2). Mean salamander richness at Big Creek
and the Pigeon River above the mill was 1‐2.7X greater than at all other sites. Mean salamander
richness was 1.4X greater at Big Creek compared to the Pigeon River above the mill. Differences
in salamander diversity were detected among most sites. Big Creek and the Pigeon River above
the mill had higher diversity than the Pigeon River below the paper mill, Jonathan Creek, Fines
Creek, and Richland Creek. No salamanders were found in the Pigeon River below the mill, Fines
Creek, and Richland Creek (Table 2).
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Table 1. List of salamander species found in the Pigeon River above the mill, Big Creek and
Jonathan Creek, May – August, 2009.
Pigeon River
above the mill
Blue Ridge two‐lined salamander
13
Eastern hellbender
6
Shovel‐nosed salamander
0
Black‐bellied salamander
0
Spring salamander
0
Total
19
Species
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Big Creek
22
0
8
1
1
32

Jonathan Creek

Total

2
0
0
0
0
2

37
6
8
1
1
53

a) Blue Ridge two‐lined salamander
(Eurycea wilderae)

b) Eastern hellbender
(Cryptobranchus alleganiensis)

c) Spring salamander
(Gyrinophilus porphyriticus)

d) Shovel‐nosed salamander
(Desmognathus marmoratus)

e) Black‐bellied salamander
(Desmognathus quadramaculatus)
Figure 6. Photos of the five stream salamander species found in this study in the Pigeon River
and two of its tributaries, North Carolina, May – August 2009. All photos were taken during
this study, except the photo of the spring salamander (Myers et al. 2006).
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Table 2. Salamander community characteristics among the Pigeon River and four of its tributaries, North Carolina, May –
August 2009.
Site 1,2
Variable3

BC

PRA

PRB

JC

FC

RC

Abundance

x
10.7A

SE
3.2

x
4.8AB

SE
2.4

x
0B

SE
0.0

x
0.7B

SE
0.7

x
0.0B

SE
0.0

x
0.0B

SE
0.0

Richness

2.7A

0.7

1.3AB

0.5

0B

0.0

0.3B

0.3

0.0B

0.0

0.0B

0.0

F ₅,₁₄

P

6.1

0.003

8.3

<0.001

Diversity
0.8A 0.3 0.3AB
0.2
0B
0.0
0.0B
0.0
0.0B
0.0
0.0B
0.0
4.9
1
BC = Big Creek, PRA = Pigeon River above paper mill, PRB = Pigeon River below paper mill, JC = Jonathan Creek, FC = Fines
Creek, RC = Richland Creek.
2
n = 3 for BC, JC, FC and RC; n = 4 for PRA and PRB.
3
Means within rows followed by unlike letters are statistically different by Tukey’s HSD test.
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0.008

Rubble was the most prevalent substrate type at Big Creek with percent cover 2‐6 times
greater than at all other sites (Table 3). Percent cover of bedrock in the Pigeon River above the
mill was 15‐45% higher than at all other sites. No other significant differences were detected
with respect to silt, sand and cobble (Table 3).
Conductivity and salinity in the Pigeon River below the mill were 6.6‐30.2X higher than
at all other sites (Table 4). Turbidity was 2.7 and 7.2X greater in Richland Creek than the Pigeon
River above the mill and Big Creek, respectively. Mean water temperature in the Pigeon River
below the mill was 3.8‐8.1oC higher than all other sites. Upper and lower site widths in both the
Pigeon River above and below the mill were 1.9‐4.7X greater than in all other sites. No
significant differences in DO or pH were found among sites (Table 4).
Sites selected by Blue Ridge two‐lined salamanders (EUWI) and Eastern hellbenders
(CRAL) contained 2X and 4X more rubble than available sites, respectively (Table 5). Across
species, use sites contained approximately 45% rubble. Sites avoided by CRAL and EUWI
contained 7.4X and 2.2X more bedrock than use sites. Across species, avoided sites had
approximately 33% bedrock (Table 5).
Percent rubble was the only variable that was retained in final substrate models (Table
6). Percent rubble was positively related to abundance, richness and diversity and explained 22‐
30% of variation in these response variables. The largest variation in salamander abundance in
final water quality models was explained by pH (41%) with a negative relationship between
abundance and pH. Stream width and dissolved oxygen explained 13% and 12% of the variation
in abundance, respectively (Table 6).
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Table 3. Percent cover of substrates among the Pigeon River and four of its tributaries, North Carolina, May – August 2009.
Site 1,2
BC

Variable

x

Rubble

PRA

PRB

JC

FC

RC

F ₅‚₁₄

P

5.1

7.8

0.001

59.0A

11.6

2.6

0.073

7.8

2.4A

2.4

0.8

0.568

5.1

13.3A

8.3

1.2

0.353

Bedrock
1.7B
1.7
45.0A
8.6
29.0AB
8.6 28.8AB 1.5 16.1AB
3.8
0.0B
0.0
7.7
BC = Big Creek, PRA = Pigeon River above paper mill, PRB = Pigeon River below paper mill, JC = Jonathan Creek, FC = Fines
Creek, RC = Richland Creek.
2
n = 3 for BC, JC, FC and RC; n = 4 for PRA and PRB.
3
Means within rows followed by unlike letters are statistically different by Tukey’s HSD test.

0.001

3

x

SE

x

SE

4.7

12.6B

2.3

24.4B

25.1A

4.0

32.4A

9.2

Silt

0.0A

0.0

4.7A

Sand

0.0A

0.0

5.3A

SE

73.2A

Cobble

x

SE

x

SE

x

SE

8.8

35.0B

4.6

26.4B

13.7

25.3B

39.5A

5.8

24.2A

4.6

38.2A

6.0

2.3

1.7A

1.7

0.0A

0.0

7.8A

3.5

5.5A

4.5

12.1A

1.0

11.5A

1
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Table 4. Water and stream characteristics among the Pigeon River and four of its tributaries, North Carolina, May – August
2009.
Site 2,3,4
Variable1

BC
5

PRA

PRB

SE
0.1

x
6.8A

SE
0.8

x
7.5A

SE
0.3

17.8BC

0.1

20.8B

0.8

24.6A

pH

7.3A

0.4

7.2A

0.3

cond

17.6B

0.6

23.7B

sal

23.0B

8.6

turbidity

0.6C

widthUp

13.2B

DO
temp

x
9.0A

JC

FC

RC

F ₅‚₁₄

P

2.9

0.055

1.7

13.5

<0.001

7.3A

0.2

3.4

0.039

4.7

50.5B

2.1

10.9

<0.001

37.5B

0.0

28.7B

1.2

8.8

<0.001

0.4

ND

ND

4.3A

1.0

7.2

0.003

1.7

8.3B

1.7

12.5B

0.7

23.2

<0.001

x
8.3A

SE
0.6

x
8.9A

SE
0.2

x
7.7A

SE
0.5

0.5

18.6BC

0.1

16.5C

0.7

19.9BC

7.9A

0.1

7.6A

<0.1

7.5A

<0.1

0.3

532.3A

128.6

46.3B

0.4

79.8B

18.0B

0.5

258.5A

64.9

26.4B

0.3

0.2

1.6BC

0.4

3.2ABC

0.6

4.2AB

0.3

31.7A

2.6

33.8A

3.4

11.0B

widthLow
14.5B 2.3 30.4A 1.2 27.7A
3.4
13.7B
1.4
6.5B
1.0
14.1B 0.9 19.9 <0.001
1
o
DO = dissolved oxygen (mg/L), temp = water temperature ( C), cond = conductivity (µS), sal = salinity (ppm), turbidity = NTU,
widthUp = width (m) at end of site transect, widthLow = width (m) at beginning of site transect.
2
BC = Big Creek, PRA = Pigeon River above paper mill, PRB = Pigeon River below paper mill, JC = Jonathan Creek, FC = Fines
Creek, RC = Richland Creek.
3
n = 3 for BC, JC, FC and RC; n = 4 for PRA and PRB.
4
ND = no data.
5
Means within rows followed by unlike letters are statistically different by Tukey’s HSD test.

33

Table 5. Percent composition of substrate at sites selected (use) by eastern hellbender
(Cryptobranchus alleganiensis, CRAL) and Blue Ridge two‐lined salamander (Eurycea
wilderae, EUWI) in the Pigeon River above the paper mill, and in Jonathan Creek, North
Carolina, May – August 2009.
Site
Species1
CRAL

EUWI

Overall

Variable2

Use

Available

t20

P

0.8

5.1

0.004

47.2

7.4

‐1.9

0.111

0.0

0.4

0.4

‐1.0

0.363

9.2

4.7

6.0

1.9

0.7

0.534

Bedrock

4.6

4.6

34.2

5.9

‐22.5

<0.001

Rubble

40.0

6.5

18.5

2.4

2.7

0.017

Cobble

30.7

6.5

39.6

3.8

‐1.1

0.281

Silt

1.2

0.9

4.5

1.4

‐2.6

0.021

Sand

13.2

4.1

4.8

1.1

2.1

0.055

Bedrock

15.0

5.4

32.5

2.3

‐2.8

0.014

Rubble

44.8

5.4

16.7

1.8

4.3

<0.001

Cobble

30.4

5.2

41.8

3.4

‐1.8

0.081

Silt

0.8

0.6

3.3

1.1

‐2.6

0.017

Sand

12.0

3.2

5.2

0.9

2.2

0.040

Bedrock

12.0

4.2

33.0

2.3

‐4.5

<0.001

x

SE

x

SE

Rubble

56.7

8.9

12.2

Cobble

29.6

9.0

Silt

0.0

Sand
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Table 6. Substrate and water multiple linear regression models explaining significant variation
in salamander community metrics among the Pigeon River and four of its tributaries, North
Carolina, May – August 2009.
Model

Response
Variable

Explanatory
Variable1,2

Substrate

Abundance

Intercept

‐0.46

RBB
Richness
Diversity
Water

Abundance

Estimates
Un‐
Standardized
standardized

t1

P

Partial
R2

VIF3

0.00

‐0.27

0.787

NA

0.00

0.09

0.47

2.26

0.036

0.22

0.00

Intercept

‐0.17

0.00

‐0.45

0.660

NA

0.00

RBB

0.03

0.55

2.81

0.012

0.30

0.00

Intercept

‐0.07

0.00

‐0.53

0.602

NA

0.00

RBB

0.01

0.50

2.43

0.026

0.25

0.00

Intercept

17.13

0.00

2.62

0.024

NA

0.00

pH

‐2.95

‐0.65

‐3.69

0.004

0.41

1.01

Width

0.09

0.52

2.70

0.021

0.13

1.20

DO

0.51

0.37

1.95

0.077

0.12

1.20

35

CHAPTER 4
DISCUSSION

Five species of salamanders were found in this study in three of five sites: the Pigeon
River above the mill, Jonathan Creek, and Big Creek. No salamanders were found in Fines Creek,
Richland Creek, or in the Pigeon River below the mill. Salamander abundance, richness, and
diversity were higher in Big Creek than at all other sites. Sites selected by Eastern hellbenders
and Blue Ridge two‐lined salamanders contained more rubble than available sites. Sites
avoided by these two species contained more bedrock than use sites. Rubble was the most
prevalent substrate type in Big Creek and was the only variable retained in substrate models.
Bedrock was higher in the Pigeon River above the mill than at all other sites. Salamander
abundance was negatively related to pH in water quality models. Conductivity, salinity, and
mean water temperature were higher in the Pigeon River below the mill than at all other sites.
These results suggest salamander abundance in the Pigeon River and its tributaries may be
affected by poor water quality and not habitat.

Pigeon River Above vs. Below the Mill
One objective of this study was to determine whether differences existed between the
Pigeon River above and below the Canton paper mill. Nineteen salamanders were found in the
Pigeon River above the mill and none were found below the mill. While dissolved oxygen and

36

pH were similar between the sections, turbidity, conductivity, salinity, and water temperature
were higher below the mill.

Tributaries
No salamanders were captured in Fines Creek, most likely due to other water quality
variables that were not measured in this study. There were many houses being built on the
banks of the upper portion of Fines Creek during this study and I suggest construction runoff
affected water quality. Only one turbidity reading was taken from Fines Creek due to meter
malfunction. It could not be included in statistical analyses, but was much higher than all other
sites (13.1).
Richland Creek also contained no salamanders. This stream begins at Lake Junaluska and
receives most of its flow from the lake. It is likely that sediments released in the lake water
contain substances that are not ideal for salamanders. A water treatment plant releases water
into Richland Creek and could be a source of extra nutrients that affect water quality.
Salamander abundance was higher at Big Creek than any other site with an average of
11 salamanders per 30‐meter station and 32 of the 53 salamanders found in this study were
found in Big Creek. Species richness was also higher with approximately three species per
station. Several water quality and habitat variables in Big Creek were much different than other
sites and could explain higher salamander diversity, richness, and abundance. Big Creek had the
highest percentage of rubble (73%) among all sites, which was found to be preferred
salamander habitat in this study. According to habitat models in this study, rubble was the only
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variable predictive of salamander abundance. Big Creek also had low percentages of bedrock
(2%) and silt (0%), two habitats that salamanders typically avoid. Conductivity, salinity, and
turbidity were all low as well, which is an indicator of good stream health. The headwaters of
Big Creek flow directly out of the Great Smoky Mountains National Park and thus are probably
far less impacted than other sites in this study.

Species‐specific Habitat Preference
Larval Blue Ridge two‐lined salamanders (Eurycea wilderae) were found in sites with
more rubble and sand and avoided sites containing more silt and bedrock. Larval E. wilderae
utilize rock cover during the day for protection and become active at night searching for food
(Petranka 1998). Wiltenmuth (1997) observed rock cover was abundant in streams where E.
wilderae were found in North Carolina. Smith and Grossman (2003) found Southern two‐lined
salamander larvae (E. cirrigera) avoided silt and preferred the largest substrate available in
Georgia Piedmont streams. Jollyville Plateau salamander (E. tonkawae) abundance was
positively correlated with the mean area of rubble and cobble and the probability of the use of
these substrates increased progressively with rock size (Bowles et al. 2006). Blue Ridge two‐
lined salamander adults typically live along the margins of streams or under cover terrestrially
(Petranka 1998). In general, adults are only fully aquatic when they are breeding in streams.
Breeding takes place from September‐May and could explain why all but one E. wilderae
captured in this survey were larvae (Petranka 1998).
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Eastern hellbenders prefer cool, well‐oxygenated water and substrates consisting of
large rubble for cover (Nickerson et al. 2002). Hellbenders observed in this study preferred sites
containing rubble but avoided sites containing bedrock. Six hellbenders representing three size
classes (larvae, juvenile, and adult) were found in the Pigeon River above the mill. This is
significant because hellbender larvae are usually difficult to locate and few studies have studied
larval hellbender habitat (Nickerson and Krysko 2003). These hellbenders were located in the
Pigeon River above the paper mill in a stream reach with 45% of avoided habitat (bedrock) and
only 12.6% of their preferred habitat (rubble). The Pigeon River below the mill had 24.4%
rubble indicating adequate habitat was available for hellbenders, but water quality potentially
limited their use.

Water Quality
Water quality was very different between the Pigeon River above and below the mill.
Eastern hellbender and Blue Ridge two‐lined salamander abundance was negatively associated
with the Pigeon River below the mill because of differences in water quality. Water
temperatures in the Pigeon River below the mill were up to 8oC higher (24.6oC) than all other
sites where these species were found. Water temperature can be very important factor in the
development of eggs and the survival of salamander larvae. Mean E. tonkawae abundance was
also negatively associated with water temperature in a recent study in Texas (Bowles et al.
2006).

39

Conductivity is the measure of the ability of water to conduct electricity and is directly
related to the amount of total dissolved salt (TDS; Cole 1994). Sodium and chloride are two
major ions that contribute to TDS and are assumed to be included in chemicals released by the
Canton paper mill (Wetzel 1975). The concentration of these ions can affect the flow of water
across the embryonic membrane of amphibians, preventing dissolved oxygen from reaching the
inner capsule (Zug 1993; Duellman and Trueb 1994). Conductivity in the Pigeon River at the
station immediately below the mill was 22.5X higher than above the mill with a mean value of
532.3 µS. Karraker et al. (2008) found survival of larval Ambystoma maculatum decreased with
increasing conductivity from 59% (control) to 38% at 500 µS to only 11% at 3,000 µS. These
authors suggested the severity of the effects of conductivity differs depending on the
embryonic and larval period of the salamander.
Salinity in the Pigeon River below the mill was at least 6.8X greater than at all other
sites. In order to survive, amphibians must maintain internal salinity higher, or at least equal to,
their environment (Duellman and Trueb 1994). Internal electrolyte concentration varies
significantly among amphibians (Duellman and Trueb 1994) and is not known for the species
found in this study. There is very little documentation relating salinity to amphibians, especially
salamanders. However, the levels of salinity recorded in this study were low, with the highest
reading of 0.258 parts per trillion (ppt) in the Pigeon River below the mill. The salinity of
seawater is usually 30‐50 ppt, therefore salinity is most likely not significant at the levels found
in the Pigeon River watershed.
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Water Chemistry Model
Water quality models showed salamander abundance was related to pH, dissolved
oxygen, and stream width. Low pH can cause developmental abnormalities and prevent
hatching of amphibian embryos (Pierce 1985; Freda 1986). Low pH has also been known to
cause slower growth in tadpoles (Freda and Dunson 1985). However, negative effects from pH
for salamanders are usually seen at pH<4.5 (Pierce 1985). The pH range for all sites in this study
was 7.3‐7.9 and is not low enough to cause any developmental problems. Dissolved oxygen is
essential in the development of amphibian eggs (Duellman and Trueb 1994). Low dissolved
oxygen levels cause premature hatching in amphibians (Petranka et al. 1982). However, levels
encountered in this study were quite high and not deemed critical. Stream widths were
positively correlated with salamander abundance in this study. We standardized stations by 30
meter length, but widths were variable across sites. Thus, stations with larger widths had a
larger searchable area and were more likely to contain more salamanders.

Historical Species Record vs. Species Found
According to the North Carolina Museum of Natural Sciences Research Collection
Database (2009), eight salamander species have been documented in Haywood County, North
Carolina, since 1940. Four of those species were found in this study in 2009: 1) the black‐bellied
salamander (Desmognathus quadramaculatus), 2) the Blue Ridge two‐lined salamander
(Eurycea wilderae), 3) the shovel‐nosed salamander (D. marmoratus) and 4) the Eastern
hellbender (Cryptobranchus alleganiensis). A fifth species, the seal salamander (D. monticola),
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was collected in Big Creek in 2008. Three other species documented in previous studies were
not located in this survey: 1) the Allegheny Mountain dusky salamander (D. ochrophaeus), 2)
the Northern two‐lined salamander (E. bislineata), and 3) the red salamander (Pseudotriton
ruber). These species have not been located since 1997, 1971, and 1980, respectively, in
Haywood County, North Carolina. It is possible they were not found because of their life history
characteristics.
The Allegheny Mountain dusky salamander is typically a streamside and terrestrial
salamander and can be found quite far from streams, although reproduction is aquatic (Green
and Pauley 1987). Larvae are usually found in seepages or slow moving parts of streams, which
were not searched in this study (Petranka 1998).
Until 1987, the Blue Ridge two‐lined salamander was considered a subspecies of the
Northern two‐lined salamander (Jacobs 1987). These two salamanders have since been
declared separate species with the range of the Northern two‐lined salamander extending
south only to north Virginia (Sever 1999). Therefore, the Northern two‐lined salamander
documented in 1971 was most likely a Blue Ridge two‐lined salamander.
Red salamander larvae are often found in springs and seepage areas and are rarely
associated with large, quick‐moving streams (Bruce 1972; Petranka 1998). It is possible they
were not found in this study because of the timing of our surveys. Streams were searched from
May‐August and red salamanders typically remain in terrestrial sites until late summer and
autumn when they move to aquatic sites to overwinter (Petranka 1998).
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We also found an additional species, the spring salamander (Gyrinophilus porphyriticus),
not recorded from Haywood County in the North Carolina Museum of Natural Sciences
(NCMNS) database. The species and locations of salamanders found in this study will be sent to
the NCMNS to update their research collection database.

Drought
The results of this study may have been affected by the significant drought in 2007‐2008
and the subsequent changes in habitat and water levels. According to the U.S. Geological
Society (2008), August 2007 had the lowest recorded monthly flows since 1932 at the Pigeon
River near Canton, North Carolina, measuring station with a mean discharge rate of 61.6 cubic
feet per second (cfs). Average flow for the month of August is 198 cfs. The drought continued
and June and July of 2008 had the lowest recorded flows at the same station, with mean
discharge rates of 82.8 and 57.7 cfs, respectively. Normal flows for June and July are 260 and
193 cfs. Low water flows potentially increase concentration of pollutants, increase water
temperature, increase predation, and decrease salamander habitat. When water levels drop,
eggs laid under rocks near the edge of the water may dry out thus affecting future recruitment.
The effect of the 2007‐2008 drought on salamander species found in this study is unknown.
The data from this study document the importance of abiotic and biotic factors on the
abundance, richness and diversity of stream salamanders in the Pigeon River watershed. Many
stream breeding salamanders are long‐lived, exist in relatively stable populations, and tend to
stay close to their home area (Welsh and Ollivier 1998). These life history behaviors make
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salamanders reliable indicators of diversity in stream ecosystems and their abundance can be a
significant indicator of stream health (Welsh and Ollivier 1998).
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CHAPTER 5
Summary and Recommendations

Snorkel surveys to determine salamander species composition in the Pigeon River and its
tributaries were completed May‐August 2009. Results of the study are as follows:
1) Fifty‐three aquatic salamanders were found in three of six sites: Big Creek, Jonathan
Creek, and the Pigeon River above the mill. No salamanders were found in Fines Creek,
Richland Creek, or the Pigeon River below the mill.
2) Salamander abundance, richness, and diversity were all higher in Big Creek and the
Pigeon River above the mill than all other sites.
3) Conductivity, salinity, and water temperature were higher in the Pigeon River below the
mill than all other sites.
4) Eastern hellbenders and Blue Ridge two‐lined salamanders preferred rubble habitat and
avoided bedrock habitat.
5) Salamander abundance, richness, and diversity were positively related to percent rubble
according to habitat models.
6) Salamander abundance was negatively correlated to pH and positively correlated to
stream width, and dissolved oxygen according to water quality models.
The author recommends future studies to determine exact composition of chemicals at all
sites, including the Pigeon River below the mill, and determine the effects of those chemicals
on salamanders found in this study.
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Because two tributaries contained no salamanders, the author recommends replicating
the study at a later date as well as sampling other tributaries to determine whether other
aquatic salamander species may be present in this watershed.
Streamside and terrestrial searches should also be done in the future to find species
that may utilize the Pigeon River and its tributaries only during breeding season. These
salamanders are also indicators of stream health because they lay eggs under rocks in streams
and poor water quality could affect future generations.

46

LITERATURE CITED

47

Bartlett, R. A. 1995. Troubled waters. University of Tennessee Press, Knoxville, TN. 329 pp.
Bernake, J., and H. R. Kohler. 2008. The impact of environmental chemicals on wildlife
vertebrates. Reviews of Environmental Contamination and Toxicology 198:1‐47.
Biek, R., L. S. Mills, and R. B. Bury. 2002. Terrestrial and stream amphibians across clearcut‐
forest interfaces in the Siskiyou Mountains, OR. Northwest Science 76:129‐140.
Blaustein, A. R., and D. B. Wake. 1990. Declining amphibian populations: a global phenomenon?
Trends in Ecology and Evolution 5:203‐204.
‐‐‐‐‐‐‐‐‐‐. 1994. Chicken Little or Nero’s fiddle? A perspective on declining amphibian
populations. Herpetologica 50:85‐97.
Bowles, B. D., Sanders, M. S. and R. S. Hansen. 2006. Ecology of the Jollyville Plateau
salamander (Eurycea tonkawae: Plethodontidae) with an assessment of the potential
effects of urbanization. Hydrobiologia 553:111‐120.
Bruce, R.C. 1972. The larval life of the red salamander, Pseudotriton ruber. Journal of
Herpetology 6:43–51.
Cole, G. A. 1994. Textbook of limnology, 4th ed. Waveland Press, Inc. Prospect Heights, IL. 412
pp.
Denton, G. M., and D. H. Arnwine. 2002. Dioxin levels in Pigeon River fish, 1996‐2002.
Tennessee Department of Environment and Conservation, Nashville, TN. 16 pp.
Dodd Jr., C. K. 2004. The Amphibians of Great Smoky Mountains National Park. The University
of TN Press, Knoxville, TN. 283 pp.
Duellman, W. E., and L. Trueb. 1994. Biology of amphibians. John Hopkins University Press,
Baltimore, MD. 670 pp.
Etnier, D. A., and C. F. Saylor. 2001. Annotated list of the fishes of the Pigeon River System, NC
and TN. Unpublished manuscript. 8 pp.
Freda, J. 1986. The influence of acidic pond water on amphibians: a review. Water, Air, and Soil
Pollution 30:439‐450.

48

Freda, J., and W. A. Dunson. 1985. The influence of external cation concentrations on the
hatching of amphibian embryos in water of low pH. Canadian Journal of Zoology
63:2649‐2656.
Freund, R., and R. Littrell. 2000. SAS® system for regression, 3rd ed. Wiley‐SAS, Cary, NC. 256 pp.
Gagnon, M. M., D. Bussieres, J. J. Dodson, and P. V. Hodson. 1995. White sucker (Catostomus
commersoni) growth and sexual maturation in pulp mill‐contaminated and reference
rivers. Environmental Toxicology and Chemistry 14:317‐327.
Green, N.B., and T.K. Pauley. 1987. Amphibians and reptiles in West Virginia. University of
Pittsburgh Press, Pittsburgh, PA.
Hogg, R. V., A. Craig, and J. W. McKean. 2004. Introduction to mathematical statistics, 6th ed.
Prentice Hall, Upper Saddle Hall, NJ. 692 pp.
Houlahan, J. E., C. S. Findlay, B. R. Schmidt, A. H. Myer, and S. L. Kuzmin. 2000. Quantitative
evidence for global amphibian population declines. Nature 404:752‐755.
IUCN, Conservation International, and NatureServe. 2008. An analysis of amphibians on the
2008 IUCN Red List (online). Accessed September 2, 2009 at
www.iucnredlist.org/amphibians.
Jacobs, J. F. 1987. A preliminary investigation of geographic variation and systematic of the two‐
lined salamander, Eurycea bislineata (Green). Herpetologica 43:423‐446.
Karraker, N. E., Gibbs, J. P., and J. R. Vonesh. 2008. Impacts of road deicing salt on the
demography of vernal pool‐breeding amphibians. Ecological Applications 18:724‐734.
Kiesecker, J. M., A. R. Blaustein, and L. K. Belden. 2001. Complex causes of amphibian
population declines. Nature 410:681‐684.
Lanoo, M. ed. 2005. Amphibian declines: The conservation status of United States species.
University of CA Press, Berkeley, CA. ??? pp.
Messer, J. B. 1964. Survey and classification of the Pigeon River and tributaries, North Carolina.
Final Report, Federal Aid in Fish Restoration Job I‐N, Project F‐14‐R North Carolina
Wildlife Resources Commission. 37 pp.
49

Munkittrick, K. R., M. E. McMaster, L. McCarthy, M. Servos, and G. J. Van Der Kraak. 1998. An
overview of recent studies on the potential of pulp‐mill effluents to alter reproductive
parameters in fish. Journal of Toxicology and Environmental Health Part B 1:347‐371.
Myers, P., R. Espinosa, C. S. Parr, T. Jones, G. S. Hammond, and T. A. Dewey. 2006. The Animal
Diversity Web (online). Accessed November 20, 2009 at http://animaldiversity.org.
North Carolina Museum of Natural Sciences. 2009. NCSM research collection database (online).
Accessed May 2, 2009 at http://collections.naturalsciences.org/searchHerp.aspx.
Nickerson, M. A., K. L. Krysco, and R. D. Owen. 2002. Ecological status of the hellbender
(Cryptobranchus alleganiensis) and the mudpuppy (Necturus maculosus) salamanders in
the Great Smoky Mountains National Park. Journal of the North Carolina Academy of
Science 118:27‐34.
Nickerson, M. A., and K. L. Krysko. 2003. Surveying for hellbender salamanders, Cryptobranchus
alleganiensis (Daudin): A review and critique. Applied Herpetology 1:37‐44.
Petranka, J. W., J. J. Just, and E. C. Crawford, Jr. 1982. Hatching of amphibian embryos: the
physiological trigger. Science 217:257‐259.
‐‐‐‐‐‐‐‐‐‐‐. 1998. Salamanders of the United States and Canada. Smithsonian Institution
Press, Washington, DC. 587 pp.
Peterson, C. L., and R. F. Wilkinson. 1996. Home range size of the hellbender, Cryptobranchus
alleganiensis. Journal of Herpetology 21:126‐127.
Pierce, B. A. 1985. Acid tolerance in amphibians. Bioscience 35:239‐243.
Punzo, F. 1983. Effects of environmental pH and temperature of embryonic survival capacity
and metabolic rates in the smallmouth salamander, Ambystoma texanum. Bulletin of
Environmental Contamination and Toxicology 31:467‐473.
Relyea, R. A. 2005. The lethal impact of roundup on aquatic and terrestrial amphibians.
Ecological Applications 15:1118‐1124.

50

Reynolds, J. B. 1983. Electrofishing. Pages 147‐163 in L. A. Nielson and D. L. Johnson, eds.
Fisheries Techniques. American Fisheries Society, Bethesda, MD.
Semlitsch, R. D. Principles for management of aquatic‐breeding amphibians. Journal of Wildlife
Management 64:615‐631.
Sever, D.M. 1999. Eurycea bislineata. pp. 683.1–683.5. Catalogue of American amphibians and
reptiles. Society for the Study of Amphibians and Reptiles, St. Louis, MO.
Smith, S., and G. D. Grossman. 2003. Stream microhabitat use by larval Southern two‐lined
salamanders (Eurycea cirrigera) in the Georgia Piedmont. Copeia 3:531‐543.
Snodgrass, J. W., R. E. Casey, J. A. Simon, and K. Gangapura. 2008. Ecotoxicology of amphibians
and reptiles in urban environments: An overview of potential exposure routes and
bioaccumulation. Pages 177‐196 in J. Mitchell, R. Brown, and B. Bartholomew, eds.
Urban Herpetology. Society for the Study of Amphibians and Reptiles, Salt Lake City, UT.
Summers, J. K., Kazyak, P. F., and S. B. Weisberg. 1991. A water quality model for a river
receiving paper mill effluents and conventional sewage. Ecological Modelling 58:25‐54.
Tennessee Valley Authority. 2007. Pigeon River Index of Biotic Integrity (IBI) scores.
Unpublished data.
Underwood, A. J. 1997. Experiments in ecology: Their logical design and interpretation using
analysis of variance. Cambridge University Press, New York, NY. 522 pp.
U.S. Environmental Protection Agency. 2000. Guidance for assessing chemical contaminant data
for use in fish advisories Volume 2: Risk assessment and fish consumption limits. 3rd ed.
EPA 823‐B‐00‐008. U.S. EPA, Office of Water, Washington DC.
U.S. Geological Survey. 2008. USGS 03456991 Pigeon River, near Canton, NC (online). Accessed
November 1, 2009. http://waterdata.usgs.gov/nc/nwis/uv/?site_no=03456991&PARA
meter_cd=00065,00060
Vos, J. G., E. Dybing, H. A. Greim, O. Ladefoged, C. Lambre, J. V. Tarazona, I. Brandt, and
A. D. Vethaak. 2000. Health effects of endocrine‐disrupting chemicals on wildlife, with
special reference to the European situation. Critical Reviews of Toxicology 30:70‐133.
51

Welsh, H. H. Jr., and L. M. Ollivier. 1998. Stream amphibians as indicators of ecosystem stress:
A case study from California’s redwoods. Ecological Applications 8:1118–1132.
Williams, R. D., J. E. Gates, and C. H. Hocutt. 1981. An evaluation of known and potential
sampling techniques for hellbender, Cryptobranchus alleganiensis. Journal of
Herpetology 5:23‐27.
Wiltenmuth, E. 1997. Agonistic behavior and use of cover by stream‐dwelling larval
salamanders (Eurycea wilderae). Copeia 2:439‐443.
Zar, J. H. 2009. Biostatistical Analysis, 5th ed. Prentice Hall, Upper Saddle River, NJ. 960 pp.
Zug, G. R. 1993. Herpetology: An introductory biology of amphibians and reptiles. Academic
Press, San Diego, CA. 527 pp.

52

APPENDIX

53

A1. GPS coordinates of all sites on Pigeon River and four of its tributaries, North Carolina, May‐
August 2009.
Site1
PRA

PRB

BC

FC

JC

RC

1

Site #
1
2
3
4
5
6
7
8
1
2
3
1
2
3
1
2
3
1
2
3

Beginning Coordinates
N35 30 31.4 W82 51 27.9
N35 31 31.0 W82 50 25.3
N35 30 26.57 W82 51 38.55
N35 31 20.3 W82 50 56.4
N35 32 34.5 W82 51 44.3
N35 36 52.3 W82 58 00.4
N35 33 4.13 W82 57 16.54
N35 33 02.6 W82 56 59.8
N35 46 16.88 W83 06 01.44
N35 46 27.85 W83 06 00.30
N35 46 05.0 W83 06 00.9
N35 39 56.3 W82 59 33.5
N35 39 59.7 W82 59 27.5
N35 40 06.1 W82 59 38.0
N35 37 37.75 W83 00 01.83
N35 37 36.4 W83 00 12.3
N35 37 33.9 W83 00 22.9
N35 32 59.1 W82 56 49.4
N35 32 54.6 W82 56 47.5
N35 32 52.3 W82 56 42.8

Ending Coordinates
N35 30 33.3 W82 51 27.5
N35 31 32.4 W82 50 24.4
N35 30 25.8 W82 51 41.2
N35 31 20.7 W82 50 57.3
N35 32 34.8 W82 51 45.5
N35 36 52.3 W82 58 00.4
N35 33 43.01 W82 57 15.48
N35 33 01.8 W82 56 58.3
N35 46 16.09 W83 06 02.17
N35 46 27.06 W83 06 01.44
N35 46 03.5 W83 06 03.3
N35 39 57.0 W82 59 32.8
N35 40 00.4 W82 59 28.1
N35 40 07.1 W82 59 38.0
N35 37 37.9 W83 00 03.0
N35 37 36.4 W83 00 13.5
N35 37 33.6 W83 00 23.8
N35 32 57.6 W82 56 49.5
N35 32 54.2 W82 56 46.3
N35 32 51.5 W82 56 43.6

BC = Big Creek, PRA = Pigeon River above paper mill, PRB = Pigeon River below paper mill, JC =
Jonathan’s Creek, FC = Fines Creek, RC = Richland Creek.
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